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Description

BACKGROUND

[0001] Wellbores are drilled to locate and produce hy-
drocarbons. A downhole drilling tool with a bit at one end
thereof is advanced into the ground via a drill string to
form a wellbore. The drill string and the downhole tool
are typically made of a series of drill pipes threadably
connected together to form a long tube with the bit at the
lower end thereof. As the drilling tool is advanced, a drill-
ing mud is pumped from a surface mud pit, through the
drill string and the drilling tool and out the drill bit to cool
the drilling tool and carry away cuttings. The fluid exits
the drill bit and flows back up to the surface for recircu-
lation through the tool. The drilling mud is also used to
form a mudcake to line the wellbore.
[0002] During the drilling operation, it is desirable to
provide communication between the surface and the
downhole tool. Wellbore telemetry devices are typically
used to allow, for example, power, command and/or com-
munication signals to pass between a surface unit and
the downhole tool. These signals are used to control
and/or power the operation of the downhole tool and send
downhole information to the surface.
[0003] Various wellbore telemetry systems may be
used to establish the desired communication capabilities.
Examples of such systems may include a wired drill pipe
wellbore telemetry system as described in U.S. Patent
No. 6,641,434, an electromagnetic wellbore telemetry
system as described in U.S. Patent No. 5,624,051, an
acoustic wellbore telemetry system as described in PCT
Patent Application No. WO2004085796. U.S. Patent No.
5,833,490, which is considered the closest prior art doc-
ument, discloses the features recited in the preamble to
claim 1. Other data conveyance or communication de-
vices, such as transceivers coupled to sensors, may also
be used to transmit power and/or data.
[0004] With wired drill pipe ("WDP") telemetry systems,
the drill pipes that form the drill string are provided with
electronics capable of passing a signal between a sur-
face unit and the downhole tool. As shown, for example,
in U.S. Patent No. 6,641,434, such wired drill pipe telem-
etry systems can be provided with wires and inductive
couplings that form a communication chain that extends
through the drill string. The wired drill pipe is then oper-
atively connected to the downhole tool and a surface unit
for communication therewith. The wired drill pipe system
is adapted to pass data received from components in the
downhole tool to the surface unit and commands gener-
ated by the surface unit to the downhole tool. Further
documents relating to wired drill pipes and/or inductive
couplers in a drill string are as follows: U.S. Patent No.
4,126,848, U.S. Patent No. 3,957,118 and U.S. Patent
No. 3,807,502, the publication "Four Different Systems
Used for MWD," W.J. McDonald, The Oil and Gas Jour-
nal, pages 115-124, April 3, 1978, U.S. Patent No.
4,605,268, Russian Federation Published Patent Appli-

cation 2140527, filed Dec. 18, 1997, Russian Federation
Published Patent Application 2,040,691, filed Feb. 14,
1992, WO Publication 90/14497A2, U.S. Patent No.
5,052,941, U.S. Patent No. 4,806,928, U.S. Patent No.
4,901,069, U.S. Patent No. 5,531,592, U.S. Patent No.
5,278,550, and U.S. Patent No. 5,971,072.
[0005] However, existing systems often suffer from un-
reliable connections between the signal couplers and the
conductors running between the signal couplers. There-
fore, there is a need in the art for new methods and mech-
anisms for securing cables within or adjacent to drill pipe.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] Certain embodiments of the invention will here-
after be described with reference to the accompanying
drawings, wherein like reference numerals denote like
elements, and:
[0007] Figure 1 is a schematic illustration of a drill pipe
combined with a cable system, according to an embod-
iment of the present invention;
[0008] Figure 2 is an enlarged, partial cross-sectional
view of a retention mechanism, according to an embod-
iment of the present invention;
[0009] Figure 3 is an enlarged, partial cross-sectional
view of a cable termination section, according to an em-
bodiment of the present invention;
[0010] Figure 4 is a cross-sectional view of one em-
bodiment of a cable end, according to an embodiment of
the present invention;
[0011] Figure 5 is another cross-sectional view of one
embodiment of a cable end, according to an embodiment
of the present invention;
[0012] Figure 6 is another cross-sectional view of one
embodiment of a cable end, according to an embodiment
of the present invention;
[0013] Figure 7 is another cross-sectional view of one
embodiment of a cable end, according to an embodiment
of the present invention;
[0014] Figure 8 is a partial, cross-sectional view of one
embodiment of a threaded cable end, according to an
embodiment of the present invention;
[0015] Figure 9 is a partial cross-sectional view of a
cable termination section, according to an embodiment
of the present invention;
[0016] Figure 10 is another partial cross-sectional view
of a cable termination section, according to an embodi-
ment of the present invention;
[0017] Figure 11 is another partial cross-sectional view
of a cable termination section, according to an embodi-
ment of the present invention;
[0018] Figure 12 is another partial cross-sectional view
of a cable termination section, according to an embodi-
ment of the present invention;
[0019] Figure 13 is an orthogonal view of one embod-
iment of a cable connector/coupler, according to an em-
bodiment of the present invention;
[0020] Figure 14 is an end view of a portion of a drill
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pipe having a cavity for receiving the cable connector
illustrated in Figure 13, according to an embodiment of
the present invention;
[0021] Figure 15 is a cross-sectional view taken gen-
erally along line 15-15 of Figure 13, according to an em-
bodiment of the present invention;
[0022] Figure 16 is a partial side view of the cable con-
nector adjacent to a tool, according to an embodiment of
the present invention;
[0023] Figure 17 is a cross-sectional view of a contact
pin of the coupler illustrated in Figure 13 but inserted into
a corresponding cavity of the drill pipe, according to an
embodiment of the present invention;
[0024] Figure 18 is a view of the cable system having
a cable between two end connectors, according to an
embodiment of the present invention;
[0025] Figure 19 is a cross-sectional view of a termi-
nation section joining a connector and a cable, according
to an embodiment of the present invention;
[0026] Figure 20 is a schematic illustration of a cable
termination section, according to an embodiment of the
present invention;
[0027] Figure 21 is a schematic illustration of another
cable termination section, according to an embodiment
of the present invention;
[0028] Figure 22 is a schematic illustration of another
cable termination section, according to an embodiment
of the present invention;
[0029] Figure 23 is a schematic illustration of another
cable termination section, according to an embodiment
of the present invention;
[0030] Figure 24 is a schematic illustration of another
cable termination section, according to an embodiment
of the present invention;
[0031] Figure 25 is a schematic illustration of another
cable termination section, according to an embodiment
of the present invention;
[0032] Figure 26 is a schematic illustration of a sealing
system for forming a seal between the cable and the sur-
rounding housing, according to an embodiment of the
present invention;
[0033] Figure 27 is a schematic illustration of another
sealing system, according to an embodiment of the
present invention;
[0034] Figure 28 is a schematic illustration of another
sealing system, according to an embodiment of the
present invention;
[0035] Figure 29 is a schematic illustration of the seal-
ing system being tested, according to an embodiment of
the present invention;
[0036] Figure 30 is a schematic illustration of one ex-
ample of a cable retention system, according to an em-
bodiment of the present invention;
[0037] Figure 31 is a schematic illustration of another
example of a cable retention system, according to an
embodiment of the present invention; and
[0038] Figure 32 is a schematic illustration of another
example of a cable retention system, according to an

embodiment of the present invention.

DETAILED DESCRIPTION

[0039] In the following description, numerous details
are set forth to provide an understanding of the present
invention. However, it will be understood by those of or-
dinary skill in the art that the present invention may be
practiced without these details and that numerous vari-
ations or modifications from the described embodiments
may be possible.
[0040] The present invention relates to a system and
method for conveying signals along drill pipe between
desired locations, such as a surface location and a down-
hole location. According to an embodiment of the system
and the method, a signal communication cable system
is combined with a drill pipe to convey signals along the
drill pipe. As described in greater detail below, unique
approaches are provided for holding the cable system in
the drill pipe and for inserting/connecting a cable with a
cable coupler/connector. The unique approaches in-
clude, for example, holding and retaining the cable sys-
tem, terminating the cable, differentiating the retention
and sealing of the conductive elements, grounding the
cable, or carrying out other unique aspects of providing
a durable signal communication system combined with
drill pipe. The cable may comprise a coaxial cable or any
other type of cable capable of transmitting a signal.
[0041] Referring generally to Figure 1, a schematic ex-
ample of a wired drill pipe system 50 is illustrated. In this
embodiment, a cable system 52 for communicating sig-
nals is combined with a drill pipe 54. The cable system
52 may comprise a conductive cable 56, e.g. a coaxial
cable, routed along drill pipe 54. Additionally, the cable
system 52 may comprise a variety of other features, in-
cluding a cable retention system 58 used to retain cable
system 52 at a desired position along drill pipe 54. Cable
retention system 58 also may be used to maintain a de-
sired tension in cable 56. The cable system 52 may fur-
ther comprise a connection or termination section 60 and
a connector 62 that is connected to the cable 56 via ter-
mination section 60.
[0042] An embodiment of cable retention system 58 is
illustrated in Figure 2. In this embodiment, the cable re-
tention system 58 is mounted in a bore 64 of a surround-
ing housing 66. The bore 64 may comprise a threaded
section 68, which may extend along a substantial portion
of the bore 64. The retention system 58 comprises a fer-
rule 70, such as a double wedged ferrule, that can hold
and secure the cable 56 in compression and/or tension.
In the embodiment illustrated, the ferrule 70 has wedges
engaged by corresponding seat members 72, which can
be energized by the ferrule 70 to secure cable 56. For
example, an energizing member 74, such as the illustrat-
ed gland nut 74, may be used to energize ferrule 70 and
seat members 72 to secure cable 56. Gland nut 74 may
have a threaded region 76 that engages threaded section
68 of the surrounding housing 64 to enable axial move-
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ment of the gland nut 74 when rotated.
[0043] By way of example, the cable retention system
58 can be set when the cable 56 is pulled to a specified
load and the gland nut 74 is tightened or otherwise po-
sitioned to a specified torque. The tightening of gland nut
74 energizes the ferrule 70 to grip, for example to grip in
two positions, via seat members 72, thus securing and
holding the cable 56. In this embodiment, the ferrule 70
has edges that are opposite and grip in opposite direc-
tions, which allows retention of the cable 56 when the
cable 56 is in compression or tension.
[0044] Referring generally to Figure 3, an example of
a portion of termination section 60 is illustrated. The cable
termination section enables the cable 56 that may be cut
to a desired length and connected with a suitable end
connector 62. When the cable 56 is a coaxial cable, for
example, an outer layer 78, such as an outer metal armor
layer, is removed to expose a radially outlying conductor
80. The conductor 80 may be a conductive element
formed as a sheet, such as a sheet of conductive mesh
material, which surrounds an internal conductor 82. A
layer of insulation material 84 may be positioned to sep-
arate the internal conductive element 82 from the radially
outlying conductor 80. The outer layer 78 may be re-
moved in a manner that exposes the connector 80 without
damaging internal components of the cable 56.
[0045] By way of example, the cable 56 may be formed
as a welded cable with encapsulated inner layers. In an
alternative embodiment, the inner layers are inserted into
a seamless tube, and the tube may be drawn to a spec-
ified size to encapsulate the inner layers of the cable 56.
An extra sleeve also may be used at the end of the outer
metal tube, e.g. armor layer 78, to facilitate formation of
a proper connection between the outer conductive ele-
ment 80 and the connector 62.
[0046] In an example, the internal conductor 82 is pre-
pared for connection with connector 62 by forming the
exposed end of the internal conductor as a crimped pin
connector 88. As further illustrated in Figures 4 and 5,
outer conductor 80 may be prepared and/or formed by
exposing an end section 90 of conductive element 80
and folding the end section 90 radially outward and over
an end feature of a cable layer, such as outer layer 78.
Retention of a fold 92 of the end section 90 may be fa-
cilitated by forming a groove 94, e.g. an outer annular
groove, in the end of cable layer 78, as best illustrated
in Figure 4. The fold 92 may be secured in groove 94 by
a conductive retainer 96, e.g. a spring contact band, that
can be referred to as an earth contact element. It should
be noted that the groove 94 may be formed in the outer
metal armor layer (or other layer) by a suitable process,
e.g. machining, to terminate the return path provided by
outer conductor 80.
[0047] In an alternate embodiment, the end feature of
outer cable layer 78 may be formed with a separate com-
ponent 98, as illustrated in Figure 6. The separate com-
ponent 98 may be formed as a sleeve attached to an end
of the layer 78 and constructed with the groove 94 or

other appropriate gripping features. The separate com-
ponent 98 may be adhered to or otherwise attached to
the end of layer 78. As illustrated in Figure 7, the com-
ponent 98 also may be formed as a sleeve with barbed
pins 100 oriented for insertion between the layer 78,
which may be made of a durable material such as metal,
and insulation layer 84. The separate component 98
and/or the end of outer layer 78 may be formed with other
features, such as threads 102, as illustrated in Figure 8.
Threads 102 or similar features may be used to attach
the cable termination component 98 or to attach a cable
puller 104 to facilitate pulling of the cable 56.
[0048] Referring generally to Figure 9, termination sec-
tion 60 is illustrated with the conductive elements 80, 82
of the cable termination engaged with corresponding el-
ements which may be part of connector 62. For example,
the conductive element 80 may be an outer conductive
element and the conductive element 82 may be an inner
conductive element. In this embodiment, the outer con-
ductive element 80 is isolated by a primary seal 106 dis-
posed between a stem portion 108 of connector 62 and
a surrounding sleeve housing 110. In this particular ex-
ample, the opposite side of outer conductive element 80
is isolated and sealed via retention mechanism 58 and
the ferrule 70. Accordingly, in this embodiment primary
seal 106 may rely on retention mechanism 58 to form a
seal and to isolate the conductive elements 80, 82. The
inner conductive element 82 and its connection with the
connector 62 also may be isolated by employing a sec-
ondary seal 112, which may be in the form of a sealing
boot or other sealing device. As illustrated, the inner con-
ductive element 82 may conductively engage a corre-
sponding conductive element 113 formed as part of or
otherwise connected with the connector 62. Outer con-
ductive element 80 conductively engages sleeve housing
110 to provide an earth return path.
[0049] In an alternate embodiment, the retention
mechanism 58 is independent of the primary sealing sys-
tem 106, as illustrated in Figure 10. As illustrated, the
ferrules 70 of this embodiment consist of a pair of double
wedged ferrules, in which one of the ferrules 70 is used
to form the retention mechanism 58 and the other one of
the ferrules 70 is used to form one side of primary sealing
system 106. However, other sealing mechanisms, such
as a seal ring 114 illustrated in Figure 11, can be used
to form an independent seal with respect to the retention
mechanism 58. By way of example, the ferrule 70 may
comprise a metal seal, and the seal ring 114 may com-
prise an elastomeric seal. Preparation of proper seals
ensures maintenance of desired conductive flow paths.
As illustrated in Figure 12, for example, formation of a
dependable ground path can be created with respect to
outer conductor 80, as represented by arrows 116. In
some applications, grounding can be improved by mini-
mizing the electrical path, by using highly conductive ma-
terials, such as superconductor materials, and by direct-
ing the current return path along parts that may be accu-
rately controlled and machined.
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[0050] The various components used to create the re-
tention system 58, the termination section 60, and the
connector 62 may vary depending on the application, en-
vironment, and desired performance. For example, cable
clamping and sealing glands may be designed with a
shallow compression angle, e.g. 3°, to provide a taper
locking seal so that if the gland nut 74 becomes dislodged
under the effects of vibration, the cable seals remain in-
tact. However, larger cone angles also may be used with
some types of seals, including ferrule seals.
[0051] The outer armor layer or jacket 78 can be
formed from a variety of materials including nickel alloys,
such as inconel 825. Another suitable material includes
stainless steel 316L. The compression ferrules 70 may
be formed from a softer material compared to the mate-
rials used to form the compression seat members 72.
Examples include Hastelloy C276 and stainless steel
316L, depending on well conditions and chemicals used.
Components such as cable sealing seats, compression
sleeves, and gland nuts can be made from a high strength
material, such as inconel 718 or K500 monel. To prevent
galling and thread pickup, the gland nuts 74 may be coat-
ed with a low friction coating of ptfe impregnated nickel
in an electro-plating process.
[0052] The earth contact component 98 may be formed
from a metal or metal alloy, for example, gold plated brass
or a copper alloy tube over which the end section 90 of
conductive element 80 is folded. In some applications,
conductive element 80 is formed from an earth screen
braid that may be furled over component 98 and secured
by conductive retainer 96. Retainer 96 may be in the form
of a gold plated beryllium copper louvered contact band
element. The inner conductive element 82 may be sealed
by elastomeric boot 112 which may be formed from HN-
BR or perflouroelastomer material, for example, that may
be stretch fit over the cable insulation material.
[0053] The end connector 62 may be constructed as
a feed through element formed of insulation material re-
sistant to high pressures and temperatures. For example,
the connector may be formed from injection moldable
materials, including polyetheretherketone (PEEK) mold-
ed around a contact which may be formed of a conductive
material, such as gold plated beryllium copper or inconel
X750. These are just a few examples of materials and
constructions that can be used to form components of
cable system 52, and a person having ordinary skill in
the art will appreciate that other materials may be utilized.
[0054] Referring generally to Figure 13, another em-
bodiment of cable system 52 is illustrated. In this embod-
iment, the connector 62 is connected to the conductive
cable 56, e.g. a coaxial cable, via the termination section
60. The connector 62 comprises a cable head 118
shaped for receipt in a corresponding recess or cavity
120 formed in drill pipe 54, as illustrated in Figure 14.
Although recess 120 may have a variety of shapes con-
figured to hold a cable head 118, one embodiment is
designed to receive cable head 118 formed with a dove-
tail section 122 having a dovetail shape as better illus-

trated in the cross-sectional view of Figure 15.
[0055] As further illustrated in Figure 13, the cable
head 118 may comprise a contact pin 124 that may be
an earth contact pin conductively connected with outer
conductive element 80. In the example illustrated, the
contact pin 124 may be radially offset from an axis of
cable 56 and oriented for receipt in a corresponding open-
ing 126. Additionally, cable head 118 may comprise a
plurality of engagement features 128, as further illustrat-
ed in Figure 16, to enable the cable system to be pulled
or stretched. By way of example, engagement features
128 may comprise angled recesses oriented to engage
corresponding protrusions 130 of a pull-in tool 132.
[0056] In Figure 17, an example of the contact pin 124
inserted in the corresponding opening 126 is illustrated.
In this embodiment, the contact pin 124 includes a con-
ductive contact band 134 which facilitates formation of a
sealed earth contact to the drill pipe material. In one ex-
ample, opening 126 is lined with a blind sleeve 136 which
is driven into an aperture138 formed in the material of
drill pipe 54. The joint formed between the contact pin
124 and the opening 126 may be sealed with a fluoro-
carbon based sealant and an elastomeric seal ring 140,
for example, or may be otherwise sealed.
[0057] In some embodiments, cable system 52 can be
formed with a plurality of snake bends 142 in cable 56 to
allow for pipe variability, as illustrated in Figure 18. For
example, the cable system 52 may be installed through
the center of a corresponding drill pipe 54 by seating one
cable head 118 in its corresponding recess 120. The oth-
er cable head 118 can then be engaged by a suitable
tool, such as pull-in tool 132, and stretched before being
allowed to spring back into engagement with its corre-
sponding recess 120.
[0058] As illustrated in Figure 19, this type of connector
62 may be connected to conductive, e.g. coaxial, cable
56 through a termination section similar to that described
above with respect to Figures 2-12. In some embodi-
ments, however, the various weld joints, e.g. weld joints
144, can be formed using TIG welding by an automatic
orbital welding machine or by manual welding. Alterna-
tively, an electron beam or laser weld can be performed.
In Figure 19, a crimped pin connector 88 is illustrated,
however a variety of other contacts can be utilized, in-
cluding coupler type contacts, conductive contacts, in-
ductive contacts, transformer contacts, or other suitable
contacts. Additionally, sleeve housing 110 is illustrated
as surrounding the various termination section compo-
nents, however a variety of other housings, including the
surrounding drill pipe material, may be utilized.
[0059] Depending on the design and environmental re-
quirements, the termination section 60 may comprise
many types of termination components. For example, the
termination of conductive, coaxial cable 56 can be con-
structed in various configurations with various compo-
nents. Referring to the embodiment of Figure 20, for ex-
ample, the length of the tubular cable can be adjusted
by attaching a tube extension or tube interface 146 to the
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end of outer cable layer 78. In this embodiment, the tube
interface 146 may be attached to cable layer 78 via a
weld 148. The tube interface 146 enables internal sealing
with an adapter 150 having an insert 152 sized for inser-
tion into tube interface 146. Seal members 154 can be
used to form a fluid tight seal with an internal seal surface
156 of the tube interface 146. Adapter 150 further com-
prises an internal conductor 158 that is engagable with
internal conductive element 82 when the adapter 150 is
inserted into or otherwise positioned at the tube interface
146 until contact occurs with abutment 160. In this ex-
ample, the tube interface 146 enables use of standard
length conductive tubes 56, and the overall length of the
cable system 52 may be adjusted by changing the length
of tube interface 146
[0060] A similar embodiment is illustrated in Figure 21.
In this embodiment, the tube interface 146 comprises a
threaded region 162 engaged by a locking nut 164 which
helps retain the tube interface 146 in a surrounding hous-
ing. Additionally, adapter 150 may comprise one or more
ground contact members 166 to ensure grounding. In a
related embodiment, tube interface 146 is press fit onto
cable layer 78 via a press fit region 168, as illustrated in
Figure 22.
[0061] Referring generally to Figure 23, another em-
bodiment is illustrated in which the tube interface 146
comprises both internal seal surface 156 and an internal
threaded region 170. Adapter 150 comprises a corre-
sponding, external threaded region 172 to enable seal-
ing, threaded engagement between tube interface 146
and adapter 150, as best illustrated in Figure 24. Alter-
natively, the threaded region 170 may be disposed along
and exterior of the tube interface 146 for engagement by
an internally threaded sleeve of the adapter 150. The
adapter 150 may be threaded into or otherwise posi-
tioned within the tube/layer 78 until the adapter 150 abuts
against a shoulder 174, which allows tension to be ap-
plied to conductive cable 56, thus locking the cable into
position. In another embodiment, the cooperating thread-
ed regions 170, 172 enable use of tapered metal-to-metal
seal members 176 to form a seal between cable layer 78
and adapter 150, as illustrated in Figure 25.
[0062] As described above, seals can be used be-
tween the cable 56 and the surrounding housing in a
given embodiment. Depending on the design and envi-
ronment, the type of seal structure may vary from one
embodiment to another. In Figure 26, a seal structure
178 is illustrated and may be used to form, for example,
primary seal 106. In this example, seal structure 178 is
positioned directly between conductive cable 56 and the
surrounding housing, e.g. sleeve housing 110. The seal
structure may comprise a variety of seals, including an
O-ring seal, a chevron seal, a T-seal, a swage (ferrule)
seal, a conical metal-to-metal seal or another suitable
seal.
[0063] In another embodiment, the seal structure 178
comprises a mechanical interference layer 180 posi-
tioned between the cable 56 and the surrounding hous-

ing, as illustrated in Figure 27. By way of example, the
mechanical interference layer may be formed from a va-
riety of materials including teflon, plastic or other elasto-
meric materials. In another embodiment, the surrounding
housing is fit tightly against the outer metal layer 78 of
cable 56 and sealed thereto with one or more welds 182,
as illustrated in Figure 28.
[0064] Referring to Figure 29, formation of a suitable
seal via seal structure 178 may be tested by applying
pressure as represented by arrow 184. Pressure repre-
sented by the arrow 184 is directed between the drill pipe
54 and the termination section 60 to determine whether
any fluid flows, as represented by arrow 186, can be de-
tected. If fluid is detected as passing through the termi-
nation section, the seal under test is not operating prop-
erly. A variety of test equipment and test procedures can
be used to ensure suitable seals are formed between the
cable system 52 and the drill pipe 54 and/or between
other components of cable system 52.
[0065] Additionally, a variety of energizing devices 74
other than the gland nut discussed above can be used
to energize mechanisms for retaining and/or sealing the
cable system 52 along the drill pipe 54. As illustrated in
Figure 30, for example, the energizing device 74 may
comprise a swage 188 mounted in a corresponding, ta-
pered cavity 190 of drill pipe 54. Movement of swage 188
against one of the seat members 72 drives the seat mem-
ber against ferrule 70 which, again, causes both seat
members 72 to move outwardly against the surrounding
housing, which in this example is drill pipe 54. In some
applications, no separate energizing member 74 is re-
quired, and seat member 72 can simply be jammed
against ferrule 70 before testing for leaks, as illustrated
in Figure 31.
[0066] If primarily retention is desired, a variety of re-
tention mechanisms may be used in cable retention sys-
tem 58. As illustrated in Figure 32, for example, a reten-
tion device 192 can be used to secure cable system 52
within the surrounding housing, e.g. drill pipe 54. By way
of example, retention device 192 may comprise a gater
spring, a weldment, a brazed region, or various other
retaining mechanisms.
[0067] The various embodiments described above
provide a simplified construction that enables easy in-
stallation of cable system 52 into drill pipe 54. The overall
system is fully hydrostatically and electrically testable
outside of the drill pipe. Several embodiments enable a
welded construction and/or a construction that can be
retrofitted in the field. Furthermore, the wired drill pipe
system lowers transport and logistical costs, while ena-
bling installation by unskilled personnel.
[0068] The parameters of a given drilling application
and/or drilling environment may dictate construction of
the wired drill pipe system with a variety of different com-
ponents and configurations. For example, different types
of seals, weldments, retention mechanisms, energizing
systems, cable termination systems and adapters, and
drill pipe can be employed to achieve the desired design
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characteristics. Furthermore, the various components
described herein can be formed from a variety of mate-
rials. In some applications, certain components may be
formed from metal materials, while other applications al-
low those components to be formed from elastomeric
materials.
[0069] Accordingly, although only a few embodiments
of the present invention have been described in detail
above, those of ordinary skill in the art will readily appre-
ciate that many modifications are possible without mate-
rially departing from the teachings of this invention. Such
modifications are intended to be included within the
scope of this invention as defined in the claims.

Claims

1. A system for use in a well, comprising:

a drill pipe (54); and
a coaxial cable system (52) attached along the
drill pipe, the cable system comprising:

a coaxial (56) cable;
a cable retention system (58) to retain the
coaxial cable along the drill pipe;
a cable termination section (60) having an
internal conductive contact (82) , and
a cable connector (62) coupled to the coax-
ial cable at the cable termination section;
characterised in that the cable termination
section further comprises a radially outward
contact (80) formed with an outer conduc-
tive layer (90) folded back over an outer ca-
ble layer (78).

2. The system as recited in claim 1, wherein the cable
retention system (58) comprises a double wedged
ferrule (70) energized by an energizing member (74)
to retain the cable at a desired location along the drill
pipe.

3. The system as recited in claim 2, wherein the cable
retention system (58) further comprises a seal (106)
positioned to seal the cable with respect to a sur-
rounding housing.

4. The system as recited in claim 1, wherein the cable
termination section comprises a groove (94) formed
at an end of the cable to receive a fold of the outer
conductive layer.

5. The system as recited in claim 4, wherein the cable
termination further comprises a spring contact band
(96) positioned over the fold to secure the fold (92)
in the groove (94).

6. The system as recited in claim 1, wherein the cable

termination section (60) comprises an adapter (150)
engaged with a cable end.

7. The system as recited in claim 1, wherein the cable
connector comprises an offset earth contact pin
(124) positioned for receipt in a corresponding open-
ing in the drill pipe.

8. A method of forming a wired drill pipe, comprising

terminating a coaxial cable (56) to create a ter-
mination section;
attaching a connector (62) to the termination
section such that attaching forms a conductive
connection along both an inner conductor (82)
and a radially surrounding conductor (80);
sealing the termination with a primary seal (106)
and a secondary seal (112) along the inner con-
ductor; and
retaining the coaxial cable with a desired amount
of tension via a retention mechanism (58) locat-
ed along a drill pipe.

9. The method as recited in claim 8, further comprising
positioning the retention system (56) at a location
independent of the primary seal (106).

10. The method as recited in claim 8, wherein attaching
comprises forming a groove (94) in an end of an outer
layer of the coaxial cable and folding a portion of the
radially surrounding conductor into the groove.

11. The method as recited in claim 10, further comprising
grounding the portion to a surrounding housing
(110).

12. The method as recited in claim 8, further comprising
forming the connector with a specific shape to enable
retention of the connector in a recess (120) of the
drill pipe (54) having a corresponding shape.

13. The method as recited in claim 12, wherein forming
further comprises forming the connector with an
earth contact pin (124) offset from an axis of the co-
axial cable.

14. The method as recited in claim 8, further comprising
forming the connector with a feature positioned to
engage a pull-in tool (132).

15. A cable connection for use in the system of claim 1,
comprising:

a coaxial cable (56);
a connector (62) coupled to the coaxial cable
(56) at a termination section (60), the termination
section (60) comprising an outer housing; an in-
ternal conductive contact (82), and a retention
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mechanism (58) retain the coaxial cable at a de-
sired position with respect to the drill pipe; char-
acterised in that the cable termination section
further comprises a radially outward conductive
contact (80) and a seal system (106) to isolate
the internal conductive contact and the radially
outward conductive contact.

16. The cable connection as recited in claim 15, wherein
the internal conductive contact comprises a crimped
pin connecter (88).

17. The cable connection as recited in claim 15, wherein
the radially outward conductive contact (80) com-
prises an outer conductive layer of the coaxial cable
conductive contact comprises an outer conductive
layer of the coaxial cable folded radially outward and
over a grooved cable end feature.

18. The cable connection as recited in claim 15, wherein
the seal system comprises a primary seal (106) to
protect the radially outward conductive contact and
a secondary seal (112) to protect the internal con-
ductive contact.

19. The cable connection as recited in claim 15, wherein
the retention mechanism comprises a wedged fer-
rule (70).

20. The cable connection as recited in claim 15, wherein
the connector comprises a connector head shaped
for receipt in a corresponding drill pipe recess (120).

Patentansprüche

1. System für eine Verwendung in einem Bohrloch, das
aufweist:

ein Bohrrohr (54); und
ein Koaxialkabelsystem (52), das längs des
Bohrrohres befestigt ist, wobei das Kabelsystem
aufweist:

ein Koaxialkabel (56);
ein Kabelarretiersystem (58), um das Ko-
axialkabel längs des Bohrrohres festzuhal-
ten;
einen Kabelabschlussabschnitt (60) mit ei-
nem inneren leitenden Kontakt (82); und
einen Kabelverbinder (62), der mit dem Ko-
axialkabel am Kabelabschlussabschnitt
verbunden ist; dadurch gekennzeichnet,
dass der Kabelabschlussabschnitt außer-
dem einen radial äußeren Kontakt (80) auf-
weist, der mit einer äußeren leitenden
Schicht (90) ausgebildet ist, zurückgeklappt
über eine äußere Kabelschicht (78).

2. System nach Anspruch 1, bei dem das Kabelarre-
tiersystem (58) eine Doppelkeilquetschhülse (70)
aufweist, die mittels eines Einschaltelementes (74)
eingeschaltet wird, um das Kabel an einer ge-
wünschten Stelle längs des Bohrrohres zu halten.

3. System nach Anspruch 2, bei dem das Kabelarre-
tiersystem (58) außerdem eine Dichtung (106) auf-
weist, die positioniert ist, um das Kabel mit Bezug-
nahme auf ein umgebendes Gehäuse abzudichten.

4. System nach Anspruch 1, bei dem der Kabelab-
schlussabschnitt eine Nut (94) aufweist, die an ei-
nem Ende des Kabels ausgebildet ist, um eine Falte
(92) der äußeren leitenden Schicht aufzunehmen.

5. System nach Anspruch 4, bei dem der Kabelab-
schluss außerdem ein Federkontaktband (96) auf-
weist, das über der Falte positioniert ist, um die Falte
(92) in der Nut (94) zu sichern.

6. System nach Anspruch 1, bei dem der Kabelab-
schlussabschnitt (60) einen Adapter (150) aufweist,
der mit einem Kabelende in Eingriff kommt.

7. System nach Anspruch 1, bei dem der Kabelverbin-
der einen versetzten Erdungskontaktstift (124) auf-
weist, der für eine Aufnahme in einer entsprechen-
den Öffnung im Bohrrohr positioniert wird.

8. Verfahren zur Herstellung eines verdrahteten Bohr-
rohres, das die folgenden Schritte aufweist:

Abschließen eines Koaxialkabels (56), um einen
Abschlussabschnitt zu bilden;
Befestigen eines Verbinders (62) am Abschlus-
sabschnitt, so dass das Befestigen eine leitende
Verbindung längs sowohl eines inneren Leiters
(82) als auch eines radial umgebenden Leiters
(80) bildet;
Abdichten des Abschlusses mit einer primären
Dichtung (106) und einer sekundären Dichtung
(112) längs des inneren Leiters; und
Halten des Koaxialkabels mit einer gewünsch-
ten Zugspannungsgröße mittels eines Arretier-
mechanismus (58), der längs eines Bohrrohres
angeordnet ist.

9. Verfahren nach Anspruch 8, das außerdem den
Schritt des Positionierens des Arretiersystems (58)
an einer Stelle unabhängig von der primären Dich-
tung (106) aufweist.

10. Verfahren nach Anspruch 8, bei dem das Befestigen
die Schritte des Ausbildens einer Nut (94) in einem
Ende einer äußeren Schicht des Koaxialkabels und
des Faltens eines Abschnittes des radial umgeben-
den Leiters in die Nut hinein aufweist.
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11. Verfahren nach Anspruch 10, das außerdem den
Schritt des Erdens des Abschnittes an einem umge-
benden Gehäuse (110) aufweist.

12. Verfahren nach Anspruch 8, das außerdem den
Schritt des Ausbildens des Verbinders mit einer spe-
zifischen Form aufweist, um ein Arretieren des Ver-
binders in einer Aussparung (120) des Bohrrohres
(54) mit einer entsprechenden Form zu ermöglichen.

13. Verfahren nach Anspruch 12, bei dem das Ausbilden
außerdem den Schritt des Ausbildens des Verbin-
ders mit einem Erdungskontaktstift (124) aufweist,
der von einer Achse des Koaxialkabels versetzt ist.

14. Verfahren nach Anspruch 8, das außerdem Schritt
des Ausbildens des Verbinders mit einem Merkmal
aufweist, das positioniert wird, um mit einem Zieh-
werkzeug (132) in Eingriff zu kommen.

15. Kabelverbindung für eine Verwendung im System
nach Anspruch 1, die aufweist:

ein Koaxialkabel (56);
einen Verbinder (62), der mit dem Koaxialkabel
(56) in einem Abschlussabschnitt (60) verbun-
den ist, wobei der Abschlussabschnitt (60) auf-
weist: ein äußeres Gehäuse; einen inneren lei-
tenden Kontakt (82); und einen Arretiermecha-
nismus (58), um das Koaxialkabel in einer ge-
wünschten Position mit Bezugnahme auf das
Bohrrohr zu halten; dadurch gekennzeichnet,
dass der Kabelabschlussabschnitt außerdem
einen radial äußeren leitenden Kontakt (80) und
ein Dichtungssystem (106) aufweist, um den in-
neren leitenden Kontakt und den radial äußeren
leitenden Kontakt zu isolieren.

16. Kabelverbindung nach Anspruch 15, bei der der in-
nere leitende Kontakt einen gecrimpten Stiftverbin-
der (88) aufweist.

17. Kabelverbindung nach Anspruch 15, bei der der ra-
dial äußere leitende Kontakt (80) eine äußere leiten-
de Schicht des Koaxialkabels aufweist, die radial
nach außen und über ein genutetes Kabelendmerk-
mal gefaltet ist.

18. Kabelverbindung nach Anspruch 15, bei der das
Dichtungssystem eine primäre Dichtung (106), um
den radial äußeren leitenden Kontakt zu schützen,
und eine sekundäre Dichtung (112) aufweist, um den
inneren leitenden Kontakt zu schützen.

19. Kabelverbindung nach Anspruch 15, bei der der Ar-
retiermechanismus eine Keilquetschhülse (70) auf-
weist.

20. Kabelverbindung nach Anspruch 15, bei der der Ver-
binder einen Verbinderkopf aufweist, der für eine
Aufnahme in einer entsprechenden Bohrrohraus-
sparung (120) geformt ist.

Revendications

1. Système destiné à être utilisé dans un puits,
comprenant :

un tube de forage (54) ; et
un système de câble coaxial (52), fixé le long du
tube de forage, le système de câble
comprenant :

un câble coaxial (56);
un système de retenue du câble (58) pour
retenir le câble coaxial le long du tube de
forage ;
un section de raccordement du câble (60),
comportant un contact conducteur interne
(82) ; et
un connecteur de câble (62) accouplé au
câble coaxial au niveau de la section de rac-
cordement du câble ; caractérisé en ce
que la section de raccordement du câble
comprend en outre un contact radialement
externe (80), comportant une couche con-
ductrice externe (90) repliée vers l’arrière
au-dessus d’une couche externe du câble
(78).

2. Système selon la revendication 1, dans lequel le sys-
tème de retenue du câble (58) comprend une ferrule
à double calage (70), actionnée par un élément d’ac-
tionnement (74) pour retenir le câble au niveau d’un
emplacement voulu le long du tube de forage.

3. Système selon la revendication 2, dans lequel le sys-
tème de retenue du câble (58) comprend en outre
un joint d’étanchéité (106), positionné de sorte à éta-
blir l’étanchéité du câble par rapport à un boîtier en-
vironnant.

4. Système selon la revendication 1, dans lequel la sec-
tion de raccordement du câble comprend une rainure
(94) formée au niveau d’une extrémité du câble pour
recevoir une partie pliée (92) de la couche conduc-
trice externe.

5. Système selon la revendication 4, dans lequel la sec-
tion de raccordement du câble comprend en outre
une bande à contact à ressort (96) positionnée au-
dessus de la partie pliée pour fixer la partie pliée (92)
dans la rainure (94).

6. Système selon la revendication 1 dans lequel la sec-
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tion de raccordement du câble (60) comprend un
adaptateur (150) engagé dans l’extrémité du câble.

7. Système selon la revendication 1, dans lequel le con-
necteur du câble comprend une broche de contact
de masse décalée (124) positionnée de sorte à être
reçue dans une ouverture correspondante dans le
tube de forage.

8. Procédé de formation d’un tube de forage câblé,
comprenant les étapes ci-dessous :

raccordement d’un câble coaxial (56) pour for-
mer une section de raccordement ;
fixation d’un connecteur (62) sur la section de
raccordement, de sorte que la fixation établit une
connexion conductrice le long d’un conducteur
interne (82) et d’un conducteur qui l’entoure ra-
dialement (80) ;
établissement de l’étanchéité du raccordement
par un joint d’étanchéité primaire (106) et un joint
d’étanchéité secondaire (112) le long du con-
ducteur interne ; et
retenue du câble coaxial par une force de ten-
sion voulue par l’intermédiaire d’un mécanisme
de retenue (58) agencé le long d’un tube de fo-
rage.

9. Procédé selon la revendication 8, comprenant en
outre l’étape de positionnement du système de re-
tenue (58) au niveau d’un emplacement indépen-
dant du joint d’étanchéité primaire (106).

10. Procédé selon la revendication 8, dans lequel l’étape
de fixation comprend la formation d’une rainure (94)
dans une extrémité d’une couche externe du câble
coaxial et de pliage d’une partie du conducteur qui
l’entoure radialement dans la rainure.

11. Procédé selon la revendication 10, comprenant en
outre l’étape de mise à la masse de la partie sur un
boîtier environnant (40).

12. Procédé selon la revendication 8, comprenant en
outre l’étape de formation du connecteur dans une
forme spécifique pour permettre la retenue du con-
necteur dans un évidement (120) du tube de forage
(54) ayant une forme correspondante.

13. Procédé selon la revendication 12, dans lequel l’éta-
pe de formation comprend en outre l’équipement du
connecteur avec une broche de contact de masse
(124) décalée par rapport à un axe du câble coaxial.

14. Procédé selon la revendication 8, comprenant en
outre l’étape d’équipement du connecteur avec une
structure positionnée de sorte à s’engager dans un
outil d’insertion par traction (132).

15. Connexion de câble destinée à être utilisée dans le
système selon la revendication 1, comprenant :

un câble coaxial (56) ;
un connecteur (62), accouplé au câble coaxial
(56) au niveau d’une section de raccordement
(60), la section de raccordement (60) compre-
nant un boîtier externe ; un contact conducteur
interne (82) et un mécanisme de retenue (58)
pour retenir le câble coaxial au niveau d’une po-
sition voulue par rapport au tube de forage ; ca-
ractérisé en ce que la section de raccordement
du câble comprend en outre un contact conduc-
teur radialement externe (80) et un système
d’étanchéité (106) pour isoler le contact conduc-
teur interne et le contact conducteur radialement
externe.

16. Connexion de câble selon la revendication 15, dans
laquelle le contact conducteur interne comprend un
connecteur à broche serti (88).

17. Connexion de câble selon la revendication 15, dans
lequel le contact conducteur radialement externe
(80) comprend une couche conductrice externe du
câble conducteur pliée radialement vers l’extérieur
et au-dessus d’une structure d’extrémité rainurée du
câble.

18. Connexion de câble selon la revendication 15, dans
laquelle le système d’étanchéité comprend un joint
d’étanchéité primaire (106) pour protéger le contact
conducteur radialement externe, et un joint d’étan-
chéité secondaire (112) pour protéger le contact con-
ducteur interne.

19. Connexion de câble selon la revendication 15, dans
laquelle le mécanisme de retenue comprend une fer-
rule à calage (70).

20. Connexion de câble selon la revendication 15, dans
laquelle le connecteur comprend une tête de con-
necteur formée de sorte à être reçue dans un évide-
ment correspondant (120).
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